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A PRELIMINARYMARKET POTENTIAL INDEXING STUDY OF THE UNITED STATES FOR
DIRECT GAIN IN NEW SINGLE-FAMILY RESIDENTIAL CONSTRUCTION*

William M. Robson
Fred Roach

Economic Analysis Group
Los Alamos National Laboratory

Los Alamos, New Mexico
USA 87545

The evaluation of tbe mai”ket?otential for
passive solar designs in res~~new con-
struction offers an attractive counterpart to
the numerous market penetr~tion .s:sswnents
that have been per?ormed over the last four
years. Market penetration nnalyses have gen-
erally concerned thwnselvas with the “lcng
run” adoption of so”i$t’ewwgy technologies,
while Market Potwnttal ln$exing (MPI)addressed
here examines the near-tmn attractivenessof
solar. The MPI msthod is briefly reviewed,
foilows!dby specificationtifsix &ttributes
that may characterize the residential single-
family new construction market, Raw attribute
data for each of thu six ts presented for 220
region> with+n thp UntttidSkotr?s. Attribute
wcight$mj functions ar.zctinstructedfrom the
perspective ~f consu~r~j, produr?rs or home
builders, and the federal gow?wnant. Prelim-
inary results from these three perspuctivcs
are portrayed for i?fixed sized direct gain
design.

1. JNTROOUCTIUN

In 1980, the Economic Analysis Group at the
Los Alamos National Laboratory began work on
a method for evaluating the potential of pas-
sive solar markets. This method, callad
“Market Potential Indexing” (MPI), is based on
multi-attributedecision analysis. Several
previous papers hbVtJ been publlshed describing
the method and providing samples cf limited
studies (1, 2, 3), The purpose of this paper
is to present the results of the first prelim-
inary nationwide $tudy using the MPI method.

The overall study addresses the residential,
single-family,new-constructionmarket seg-
ment and includes Tronhe t’all,direct gain,
and attached sunspace ptissivesolar desfgns,
The results are presented using a method of
attribute data normalization that allows com-
parison bothamn technologies and among al-

!ternative “values placed on each market

~ndinq for the analysis upon which this
paper is based was provided by the Passive and
Hybrid Systems Division, Office of Solar Buil&
ing Applicaticrns,U.S. Depnrt~nt of Energy,

attribute. Three sets of attrihute-weighting
values or factors are used to evaluate the
sensiti~ity of the results to <urious weight-
ing combinations. The results (f the study
show that there is a wide variation in market
potentials based on the differences in market
perspective. The weighting ass’gned for the
:Clnsumerperspective resulted irla surprisingly
homogeneous set of f:nal MPI vu”ues.

2. M4RKET POTENTIAL INDF~

An economic performance code which evaluates
the feasibility of residential jassive solar
spats heating designs (4) has bsen developed.
The nndel--Los Alamos/UNM EASE-III--is used
to provide the technical, econofiic,and cost
input data and structure the geographic ma~k~!t
boundaries of the MPI mof!e;. This model uses
220 clustered county regir;;sbased on the
SOLMET (5) weather data b,lsetc define a set
of highly disaggregate d~!a b~ses, These
data &re used as the startiny point for the
market potential indexiog procws.

Each local market has a set of common quanti-
fiable attributes that.effect ‘localmarket
potentials. These include weather charact@,-
Istlcs, solar performance, bui’ldingcosts, and
fuel-type usage and costs. By using multi-
attribute decision analysis techniques, one
can construct a quantitative mrket potential
model that will allow comparls:]nbetween loca~
markets. The market attributes that are used
for the study presmted in this paper were
developed specifically for the residential,
single-family, new-construction market segment.

Equation [1] is the value function used to de-
termine the Market Potential l,ndexvalue for
each of the 220 market region!}:

pi ‘jj,kjvjMij) [1]

where:

i ● the market region index i=l,....22C4
j = the attribute index.i=l,....b:



p, = the ~~k~t pote~tfal Index value
for the ith market region;

Vj(Aij) = the value function of the jth at-
tribute for the ith market region;
and

WJ = the weightin factor for the jth
attribute. ?Xw =1.)

j

3. ET ATlRIBUTES

The first step In the study was to esttiblish
a set of market attributes which met two major
criteria. First, the attribute had to unique-
ly (but not necessarily independently)repre-
sent a market place characteristic that has a
Wijor influence on the acceptance of solar
t~chnologies. Second, the attribute must be
capable of being evaluated in all 220 market
regions by use of available data sources. The
Los Alams/UNM EASE-III code is capable of
providing many I{eces of raw input data that
can be used to evaluate several attributes.
Additional Information is available from the
National Association of Home Builders, U.S.
Bureau of the Census, 11.S,Department> of
Housing and Urban Development, Consnerce,and
Labor, the I,lternalRevenue $erv?ce, and oth-
ers. A discussion of each of the attributes

(The “ttribute values have been de-
~~~~~’for a direct gain desigr.uslnq 224ft2
of south-facing glass with an aperture to mass
ratio to 1.0- 1.5.)

The soIar uerfcnmance attribut~ defines the
dollar value of energy savings that could be
achieved by a typical new home. It considers
such economic and financi?l parameters os the
total cost of the speclfled solar system, the
present and future cost of conventional f’Jels,
mrt ags term.

7
The fractional breakdown of

hous ngby fuel type is used to “weight” the
dollar saving< (in present value terms) for
each “typical” home by the proportion of new
single-family home starts employing majo!’con-
ventional fuels. FiY. 1 provides an example
of the valua distribution of tnis attribute.

Fig. 1. Attribute 1 - Solar Performance
(Net Present Value-19W)

Relative differences among and rankings of
this attribute do provide useful information
about the potential for future markets.

The enerqy market share attribute describes the
enerw savinus that could be achieved if pas-
sive–solar designs were integrated intofi
new home construction. The raw attribute val-
ues vary by market region according to solar
savings fraction by fuel type, fuel type shares
in new construction, number of housing starts,
and new-constructionhome heating loads. This
attribute is defined as the product of regional
housing starts, the Btu displacement for a
typical home by fuel type, and the proportion
of new homes employing that fuel type. This
attribute is shown in Fig. 2.

Fig, 2, Attribute 2 - Energy Market Share*
(mnBtu/MarketRegion/Year)

The consumer liquidity attribute describes the
consumer’s inancial obligatfi and benefits.
It measures the consumer’s net cumulative cash
flow after five years. The net expenditures
for the direct gain passive solar design are
stunnedover five years to arrive at the cumu-
lative net cash flow position for each typical
consumer for each of the fuel types. Fuel
type proportions in new single-family resi-
dential construction have been used to weight
this attribute to arriv? at a composite net
cash position value for a “typical” home by
raglon. Fig, 3 geographic~lly portrays these
composite net cumulative cash flow values.

The overnment incentive att
?

rib@ measures
the -of state and local governmental
incentives available for install~tion of solar
covipmmnt. (It is still unc~rtaln how rrz,tyof
these are really applicable to passive solar
designs.) These incentives take the formof
tax credits, taxdeductions, grants, lcw-
interest loans, other cost deferments, and

*The mapping procedure used in this paper has
been developed fOr illustrative purposes (JIIIY.

Tileregions are ranked ordered in ascending
fashion, with each “keyed” category represent-
ing 20% of the total.



for Attribute 6 is shown in Fig. 6.

Fig, 3. Attribute 3 - Consumer Liquidity

and general market stimulus. This was a dif-
ficult ~tt?ibute to evaluate because of the
nuder of different types of incentives and
implenn?ntationschemes. It was necessary to
categorize the incentives and then establish
an indexing system for each category to estab-
lish a system of comparison. Fig, 4 illus-
trates the qualitat’,vc“value” distribution
t’orAttribute 4. ,

Fig. 4, Attribute 4 - GovernnssntIncentives

The income characteristic attrw is a par-
tial mea.ure of the ablllty of families within
the market region to afford new housing. Hir#I-
er incomes allow for a higher likelihood of
hom buying qualification and a better ability
to ay for solar add-on costs. The value dis.

ttri ution for Attribute 5 {s shown in Fig. 5.

opulation growth attribut$ is a proxy for
formation, The market potential

for newly constructed passive solar houses
will usually be highest where the demand for
new construction starts is hi best.

7
(Even

thou h this attribute is not ndependent of
?Attr bute 2 it was deemed appropriate to 111-

clude a measure of rwth potential as a
separate attribute ! The value distribution

Fig, 5. Attribute 5 - Inconm Characteristics
(Thousands of Dollars/Year/Household)

Fig, 6. Attribute 6 - Population Growth
(Thousands of Persons/Year/MarketReqion)

3,2 Attribute NQ~liZdt.iQn

The attributes are measured in many different
dimensions, It was necesstiryto transform
each of these measurements into a dimension-
less utility nutier that reflects its “good-
ness” or “badness.” Th~s is done by develop-
ing M transformation function for each set of
attribute data. Thsioverall maximum minimum
values are determined for the data and a range
of values is defined ov?r which the value of
the utility function can vary from O to 100,
Finally, functional relationship is developed
that allws a utility nuinbcrto be evaluated
from measured value in the attribute data sets,
For this version of the MFI methodology, a
line transformation function is assumed, The
transformation process involves shiftfng the
zero point and scalin the d~ta to conform

!with O to 100 range o the utility values.



4. AllRIBUTE WEIGHTING FACTOR EFFECTS

4.1 Development of the Attribute Weighting

The role of the attribute weighting factors is
to prc’;idea method of emphasizing or de-empha-
sizing the effects of the attributes on the
market place. It is Impossible to determine
a single “best” set of weioh+ing factors be-
cause of the subjectiv .e of human behav-
ior. The best one cat lopeto do is to come
close enough to provi~ieuseful output from the
MPI model. In most cases, the “usefulness”of
the data depends on the perspective of the
person using the data. Each individual will
weight the market factors quite differently.

[n order to characterize the effects of the
iteightin~factors on +he MPI results, we de-
veloped three sets of weighting factors to use
with the passive solar technology in this stu-
dy. The weight factor sets were developed
from the perspective of the consumer, the pro-
ducer, and the government. The weighting
factor sets presented here re9resent a r~ason-
able perspective, and should be used only to
illustrate the possibilities for MPI analysis
in general. Table 1 lists these weighting
factor sets.

TABLE 1

WEIGHTING FACTORS FOR THE SINGLE-FAMILY
NEW-CONSTRUCTION STUDY

Con- Pro- Govern-
Attribute sumer ducer ment

l-Solar Performance .30 .11 ,18
2-Energy Market Share .05 .30 .26
3-Consumer Liquidity .40 .08 .18
4-Government Incentives .10 ,06 .15
5-Income Characteristics .10 2; ,07
6-Population Growth .05 .16

The consumer weighting factors emphasize those
market attributes that affect the “micro” en-
vironment. For exa~le, the heaviest emphasis
is placed on Attribute 3, “consumer liquidity}
which directly affects the consumer’s cash
f19ws. Thu least emphasis is placed on the
“mcro” attributes such as “energy market
~hare” and “population grwth.”

The producer weiqhti tors emphasize the
market attributes th create a cli~te
favorable to new home construction. The heav-
iest weight is placed on the “energymarket
share” attribute, which essentially defiaes
the market size. The Iowwei htings ape given

!to the attributes that deal w th the corsumer’s
personal finances.

The overnmentweightina fact
%

or~ generally

!
ive e “macro” attributes the most emphasis,
n particular, the “energy market share” at-
tribute receives the highest weight, The goal
of the $overnment weighting is to determine

where the best opportunities exist for promo-
tion of passive solar.

4.2 Preliminary Results—

;;e of the questions addressed by this study
“For a given set of attribute dsta, how

do:the market potentials change when the weight-
ing factors are varied?” Each of the attributes
exhibits its own eographic distribution (see

7Figs. 1 through 6 . SOIW Of the attributes
are distributed by climate and latitude, while
other reflect patterns of income and population.

By close analysis of the weighted normalized
data, the reasons for seemingly illogical re-
sults can be determined. Illcases where there
is a high weighting on population growth and
average househo;d income, the solar performance
and energy market share attributes are masked,
Since these lattem two attributes carry the
climatic and solar performance data, overriding
them can cause problems.

Use of the three different weighting factors
provides data sets with distinctly different
distributions. Results from the producer and
government anatysls are so similar that the
same MPI value break points can be used in the
figure legends, Data from the consumer analy-
sis was distributed so differently it must be
analyzed separately.

The consumer weighting results (Fig. 7) indi-
cate ~ good market potefitialthrough the Mid-
west and Northeast. Results are heavily clus-
tered between 40 and 50 for most regions; this
makes interpretationdifficult.

Fi .
?

7, MPI Values - Consumer Wei hting
!Dimensionless Index fromO to 1 0)

Strong market potential Is distributed widely
across tha U.S. with the producer wei hts
(Fig. 8). ?Particularly strong potent al is in-
dicated for the nort?ern third of tho U.S.

Government wei htlng factors yield lower MPI
!values (Fig. 9 than with the producer set,

Strong market potential is indicated for the
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Northern Midwest
the state of New
region.

and Ohio River Valley regions,
York, and the New England

Fi .
7

8. MPI Values - Producer Weighting
Dimensionless Index fromO to 100)

Fig. 9. MPI Values - Government Ueighting
(DimensionlessIndex from O to 100)

5. -

The results presented above highlight the po~-
sibilities and problems involved in the asses-
sment of ~dt’k(?t potential for passive solar
designs in new single-family resident~al con-
struction. Uork continues on differing model
specifications for the MPI tachnique, more
realistic specificationof market attributes,
and attainment of a greater concensus for
proper weighting factors, Work is progress-
ing on examining another market segment, the
retrofit single-family residential sector,
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‘dote: All raw attribute and MPI figures
(maps) presented in this paper must be con-
sidered preliminary,


